(19) 



J 



(12) 



(43) Date of publication: 

04.12.1996 Bulletin 1996/49 



Europflisches Patentamt 
European Patent Office 
Office europten des brevets (1 1) EP 0 745 633 A2 

EUROPEAN PATENT APPLICATION 

(51) int CI 6: C08G 77/14, C08L 83/06 



(21) Application number: 96108666.7 

(22) Date off fling: 30.05.1996 



(84) Designated Contracting States: 
DEGB 

(30) Priority: 31.05.1995 JP 133586/95 

(71) Applicant NEC CORPORATION 
Tokyo (JP) 



(72) Inventor: twasa, Shigeyuki, 
c/o NEC Corporation 
Tokyo (JP) 

(74) Representative: Glawe, Delfs, iiffoll & Partner 
Patentanwdlte 
Postfacti 26 01 62 
80058 MQncfien (DE) 



(54) SI containing high molecular compound and photosensitive resin composition 

(57) An Si containing high molecular compound is acquired tiy crosslinking add obtained by polysilsesquioxane 
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z o 



z o 




CM 

< 

CO 
CO 
CO 

to 

o 

Q. 
UJ 



where R^ represents a C2-Csdivalem saturated hydrocarbon grouR R2 represents a CrCshydiDca rep- 
resents a Ci-Cs hydrocarbon group, Z represents a hydrocarbon atom or trimethylsllyl group, a is 1 to 3, b is 0 to 2 with 
a sum of a and b being 3, and n is a positive integer selected from 10 to 500. A frfiotosensitive resin corrposition is 
obtained by combining the Si containing high molecular compound with a photoadd generator. 
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Description 

The present invention relates to a polysilsesquioxane having a functional group, which is crosslinked by an add. in 
a side chain and a photosensitive resin composition containing polysilsesquiaxane. More particularly, this inventk>n 
relates to a pattern forming material which is used to form a pattern using deep UV light, such as a KrF exdmer laser 
light of 248 nm or ArF exdmer laser light of 193 nm, electron rays. X-rays or the like as exposure light. 

In the field of manufacturing various electron devices represented by VLSI, which require fine processing of the 
submicron order, as the density and the high integration of devices are being improved, there are keen demands lor the 
photolithography technology to form fine patterns. 

One way of miniaturizing patterns is to shorten the wavelength of exposure light which is used to form photoresist 
patterns. In general, the resolution RS of the optical system can be expressed by RS = k • v/NA (where v is the wave- 
length of the exposure light. MA is the number of apertures of the lens, and k is a process factor). It is apparent from 
this equation that the wavelength v off the exposure light in the lithography should be shortened to reduce the value of 
RS. 

Today, the manufacture of dynamic random access memories (DRAMs) having the integration of up to 64 Mbits 
requires the line and space resolution with the minimum pattern size of 0.35 jun and uses g rays of an Hg lanp (438 
nm) and i rays (365 nm) as exposure light. TTie manufacture off DRAMs having the integration of greater than 256 Mbits 
requires a finer processing technique (processing size of 0.25 jun or smaller), so that it is considered effective to use 
light (deep UV light) of a shorter wavelength than that of the exdmer laser light (KrF: 248 nm. ArF: 193 nm) or the like 
(see "Short Wavelength Photoresist Material - Fine Processing For ULSl" by Takumi Ueno, Takao Iwayanagi. Saburo 
IStonogaW. Hiroshi Ho and C. Grant Willson. Bunshin Publication. 1988). Particularly, active stucfies are being made on 
the KrF lithography. 

TTie shortening of the wavelength of exposure light raises a problem of redudng the depth of focus that is given by 
DOF (Depth OF Focus) = v/NA . As the fine processing on substrates in the advance development off devices 
becomes more complicated and accurate, steps on substrates becomes larger, making the pattern Ibrmation diffftoutt by 
the conventional single-layer process. 

As a solution to those problems, a multilayer resist scheme has been proposed. This method perlbmis spin coating 
of a material, such as a phenol novolak resin or cresd novolak resin, which is easily dry-etched by oxygen plasma, to 
flatten the surface of a substrate, forms a pattern on the substrate with a resist having an oxygen resistant dry etching 
property, and then transfers the pattern to the underlying layer by anisotropic etching using oxygen plasma. 

Because this method can acquire resist patterns witti a high aspect ratio, studies on resist materials which have the 
oxygen resistant plasma etching property are being heated. Resist materials having Si atoms are excellent in the oxy- 
gen resistant plasma etching property and various kinds of Si containing resist materials have been reported. Particu- 
larly, polysilsesquioxane is characterized by the high ratio of an Si content and the excellent thermal stability, so that 
active studies are being made on resist materials whk;h use it. One example of such resist materials essentially con- 
tains alkali soluble polysilsesqubxane which contains an acetyl group or hydroxyl group, as disclosed in Unexamined 
Japanese Patent Publication No. Hei 4-36755. 

Further, the resist materials which are used in fine processing is strongly demanded for higher sensitivity as well 
as a for higher resolution to cope wrth the reduction of the processing sizes. Ttiis demand has arisen to improve the cost 
performance because an expensive excimer laser is used as the light source. As chemical amplification type resists 
using a pholoadd generator can expect a significant improvement on the sensitivity, they are actively studied at present 
(e.g., American Chemical Society Symposium Series, vol. 242. pp. 1 1 -23, 1984 by Hiroshi Ito and C. Grant Willson). 

Chemical ampW kation type resists are characterized in that a protonic acid produced by a photoadd generator, 
which is contained in each resist and produces an add by light irradiation, is moved in the resist's solid phase by a heat 
treatment after exposure to amplify the chemk^l change of a resist resin or the like by a factor of several hundreds to 
several thousands in the fonn off a catalytic reacfion. The chemfcal ampliffkatbn type resists have therefore achieved a 
significant high sensitivity as compared with the conventional resists whose pholoreaction eff idency (reaction per pho- 
ton) is less than 1. The transform of the resist solubility by chemical amplification is acconplished by some known meth- 
ods, namely, a method of changing the solubility of a resin itself, a method of changing the solubility of an solution 
presenting agent (solution suppressor), or a mettiod of changing the solubilities of a resin and a solution preventing 
agent. 

Most of resists currently developed are chemical amplification type, so that the use off a chemical amplification 
mechanism is essential in the development off high-sensitivity materials to cope with the shortening of the wavelengths 
of exposure light sources. 

Polysilsesquioxane has not however been much used as a chemical amplification type resist. Further, there hardly 
is any polysilsesquioxane, if used as a photosensitive resin composition, which can allow the use off deep UV light with 
a short wavelength off 220 nm or less as exposure light. This is because there is no polysilsesquk>xane whose solubility 
to a developer is altered by chemical reaction and whfch has a high transparency against the short wavelength off 220 
nm or less. 
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Acccx^dingly, it is an object of the present invention to provide an Si containing high molecular compound whose sol- 
ubility is easily altered by a protonic add produced by a photoacid generator and which, when used as a photosensitive 
resin composition, can be used against light with a short wavelength of 220 nm or smaller, such as ArF light, as well as 
deep UV light wth a wavelength of 220 nm or greater, such as KrF light, electron rays and X-rays, and a photosensitive 
5 resin composition containing such an Si containing high molecular cormpound. 

The present inventors have made considerable studies on the conventional problems and have discovered that 
those problems can be solved tiy a novel high molecular compound which is expressed by a general formula (1) given 
below. 

To achieve the above object, an Si containing high molecular compound according to this invention has a basic 
10 structure expressed by the following general formula (1) 



30 where represents a C2-C8 divalent saturated hydrocarbon groups represents a C^Cq hydrocartwn ^oup. rep- 
resents a Ci-Cs hydrocarbon group. Z represents a hydrocartx)n atom or trimethylsilyl group, a is 1 to 3. b is 0 to 2 with 
a sum of a and b being 3, and n is a positive integer selected from 10 to 500. 

A photosensitive resin composition according to this invention contains at least an Si containing high molecular 
compound and a photoacid generator as its basic structure, wherein the Si containing Wgji molecular conpound is 

35 expressed by the general formula (1) given above, and the photoadd generator serves to generate an add by light irra- 
diation and amplify a chemical change of a resist in the fonn of a catalytic reaction in a heat treatment after exposure. 

In the general formula (1), R\ which is a C2-C8 divalent saturated hydrocarbon grotp, is specifically an ethylene 
group, propylene group, bulylene group, pentylene group, hexylene group, heptylene group, octylene group, cyclopenty- 
lene groip. cydohexylene group, cycloheptylene group, cydooclylene group, cyclopentyl ethylene groups or cydohexyl 

40 ethylene group. R^, which is a -Cg hydrocartxjn group, is specifically a methyl group, ethyl group, propyl groip. butyl 
group, pentyl group, hexyl group, heptyl group, phenyl group, or methyl phenyl groip. and R^, which is a Ci -Ce hydro- 
carbon group, is specifically a methyl group, ethyl group, prop^ group, butyl group, pentyl group, hexyl group, heptyl 
group, phenyl group, or methyl phenyl group. In the general formula (1), as mentioned above, Z represents a hydrocar- 
bon atom or trimettiylsilyl groif). a is 1 to 3, b is 0 to 2 with the sum of a and b being 3, and n is a positive integer 

45 selected from 1 0 to 500. 

A high molecular compound embodying this invention is acquired by, for example, the following method. A fiydro- 
lylic reaction is performed on trihalidesilane, which is expressed by a general fonnula (2) (where I? is a C2-C8 hydro- 
carbon group and X is any one of F. CI, Br and I atoms), in water or a mixed solution of water, dietyl ether and 
tetrahydrofuran (the preferable mixture ratio is 1 : 10 to 10 : 1) at a tenperature of -10 to 100 (more specifically. 

50 at 1 0 °C immediately after the reaction starts and the temperature is raised thereafter) by using an organic base, such 
as trimelhylamine. triethylamine or pyricfine. or an inorganic base, such as potassium hydroxide, sodiuiti hydroxyde. 
sodium cart>onate or sodium hydrogencarbonate. as a catalyst. As a result, polysilsesquioxane. which is expressed by 
a general fbmnula (3) (where R* is the same as the aforementioned one) and has a vinyl group in the side chain, is 
acquired. 
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Subsequently, polysilsesquioxane expressed by the general formula (3) and alkoxysilane expressed by a general 
formula (4) (where and are the same as those mentfoned above) are dissolved in a solvent, such as hexane. tol- 
uene or xylene, a transition metal catalyst, such as a rhodium catalyst like the Wilkinson complex {RhCI(P(C6HR5)3)3). 
a platinum catalyst like a chtoroplalinic add (HgPlCle • 6H2O), an Ni catalyst or a Pd catalyst, is added to the solution, 
30 and the resultant structure is then heated at 50 to 120 to perfonn an addition reaction of the Si-H group to the 
vinyl group. As a result, an Si containing high molecular conpound which is expressed by the general formula (1) where 
Z is a hydrogen atom, is acquired. 
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When the hydrogen group at the end is transformed to trimethylsilyl by a silylation agent like hexameltiyklisilazane. 
a high molecular compound, whfch is given by the general formula (1) and has a trimethylsiiyi group at the end. is 
45 obtained. 

In the case where a resist is adjusted by using the Si containing high molecular conpound expressed by the gen- 
eral formula (1) as the base polymer of the resist, the Si containing high nwlecular compound given by the general for- 
mula (1) shouM be combined with the proper photoacid generator and the resultant material should then be dissolved 
in the proper solvent. 

50 A suHonium salt compound, such as triphenyl sulfonium trifluoromethane sulfonate, triphenyl suHonium trifluor- 
omethane antimonate. triphenyl sulfonium benzosuHonate. cyclohexyl methyl (Z-cxocydohexyl) sulfonium frifiuor- 
omethane sulfonate, dicyclohexyl (2-oxocydoheocyl) sulfonium trifluoromethane sulfonate, dicydohexylsulfonyl 
cydohexanone. or dimethyl (2-oxocydohexyl) sulfonium trifluoromethane sulfonate, kxlonium salt, such as diphenyl 
iodonium trifluoromethane suHbnate. N-hydroxy sucdnimide trifluoromethane sulfonate, and the like are exanples of 

55 the photoacid generator used in this invention, which is not however limited to those exanples. 

Although those available pholoadd generators may be used singly, two or more kinds of the substances may be 
combined as a single photoacid generator. The ratio of the photoacid generator content is normally 0.2 to 25 parts by 
weight, preferably 1 to 15 parts by weight with respect to 100 parts by weight off the entire solid material induding the 
photoacid generator itself. With this ratio of the photoacid generator content being less than 0.5 part tiy weight, it is dif- 
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f icult to form a pattern. When the ratio of the photoackd generator exceeds 25 parts by weight, it is difficult to form a uni- 
form coating film and a residual (scum) is apt to be produced after development 

The preferable solvent to be used in this invention is any organic solvent, which aibws the substance, consisting of 
the Si containing high molecular compound expressed by the general formula (1) and the photoacid generator, to be 

5 sufficiently dissolved to yield a solution which can be used to form a uniform coating film by spin coating or the like. 
Available solvents may be used singly, or in combination of two or more kinds. 

Examples of the solvent include metiiyl celfosolve acetate, ethyl cellosolve acetate, propylene glycol monoethyl 
ether acetate, methyl lactate, ethyl lactate. 2-methoxyethyl acetate. 2-etiioxyethyl acetate, methyl pyruvate, ethyl pyru- 
vate. 3-methoxymettiyl propionate, N-methyl-pyrrolidinone, cyclohexanone. cydopentanone. methylethyl ketone. 1,4- 

10 dioxane, ethylene glycol monoethyl ether acetate, ethylene glycol monomethyl ether, ettiylene glycol monoisopropyl 
ether, diethylene glycol monoethyl ether, diethylene glycol nxxioelhyl ether, and the like. The solvent to be used in this 
invention is not however limited to tiiose mentioned above. 

While the basic constituting substances of the pfiotosensitive resin composition of this invention is the Si containing 
high molecular compound expressed by tiie general formula (1), a photoacid generator and a solvent, further sub- 

15 stances, such as a surfactant, dye, stabilizer, coating property modifying agent and pain, may be added as needed. 

When the photosensitive resin composition embodying ttiis invention is fomned on a silicon substrate or the like by 
spin coating and is exposed to deep UV light such as ArF light whose wavelength is equal to or smaller than 220 nm. 
an acid produced from the photoacid generator in the exposed area causes an alkoxyl group in tiie Si containing high 
molecular compound expressed by the general formula (1) to be decomposed to a hydroxyl group, and tiie Si containing 

20 high molecular compound expressed by the general formula (1) is crosslinked for the dehydration and condensation 
with another hydroxyl group. As a result, tiie dissolution of the exposed portion to the solvent is disabled, so that a resist 
pattern can be acquired by performing development witti the proper solvent It is to be noted that a resist pattem can 
be likewise obtained by using deep U V light like KrF light whose wavelength is equal to or greater than 220 nm. electrun 
rays or X-rays. 

25 If the Si containing high molecular compound expressed by the general formula (1) is used as the top layer resist 
of a multi-layered resist, the oxygen resistant plasma etching property is high due to the high ratio of Si content, so that 
a pattern can be transfen-ed to an underlying resist at a high precision by reactive ion etehing using an oxygen gas. 

Comparative Examples and Examples of an Si containing high molecular compound according to the present 
Invention will now k>e described. 

30 

Comparative Example 1 

A synthetic example of pdyvinylsilsesquioxane will be discussed below. 

After what was inside a 500-ml three neck reactor equipped with an Allihn condenser, a three-way valve and a ther- 
35 mometer was substituted witti an argon gas, 100ml of water and 32 ml (0.42 mol) of pyridine were put in the reactor 
after which the reactor was cooled down to 0 **a 20 g (0.124 mol) of vinyl trichforosilane was gradually dropped in ttiis 
solution while strongly stin-ing tiie solution with a magnetic stirrer under the atmosphere of the argon gas. 

After the dropping was finished, stirring was carried out for two hours after which the temperature of tiie solution 
was raised to 20 in approximately 20 minutes. After stimng at 20 'C for 30 minutes, the solution was heated to 90 
40 *C in approximately 15 minutes. 

Then, stimng was carried out at 90 **C for 30 minutes, tiie solution was cooled down to the room temperature. A 
whrte precipitate produced in tiie three neck reactor was filtered to be isolated, and was dissolved into 30 ml of toluene. 
TTie resultant solution was dropped in 500 1 of methanol and ttie resultant solution was dropped again in 1 1 of mettianol 
after which reprecipitation was performed. After this process was repeated twice, ttie white precipitate was subjected to 
45 vacuum drying at 40 °C for eight hours, yielding 8.22 g of polyvinylsilsesquioxane (83% of yieW). 

The sb-ucture of ttie acquired product was chedwd by ^ H-NMR measurement (by AMX-400 NMR device manufac- 
tured by VALQUA CORPORATION), IR measurement (by IR-470 manufactured by SHIMAD2U CORPORATION), ele- 
ment analysis or the like. The molecular weight was measured by using Shimazu LC-9A and detection was carried out 
by using Shimazu SPD-6A with tetrahycftrofuran as a solvent and using GPC column (GPC KF-80M) manufactured by 
50 SHOWA DENKO K.K. The molecular weight was determined as the reduced molecufar weight of polystyrene. 

^ H-NMR (CDCI3, internal standard substance: tetramethylsilane): 6 (ppm) 5.8 to 6.0 (m. -CH=CH2) 
IR (KBr tablet, cm*^): 1040 (v8i.<>si), 1600 (v-ch-ch2) 

55 
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Weight-average molecular weight: 4800 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


30.11 
30.36 


3.74 
3.82 


35.58 
35.49 



10 

Comparative Example 2 

A synthetic example of polyvinylsilsesquioxane will be discussed below. 
75 67.5g (0.8 mol) of sodium hydrogencart>onate. 200 ml of diethyl ether and 200 ml of water were put in a 1-1 three 
neck reactor after which the reactor was cooled down to 0 °C and the resultant solution was strongly stinred. A solution 
of 39.5 g (0.225 mol) of vinyl trichlorosilane dissolved inl 00 ml of diethyl ether was dropped in the stirred solution in 30 
minutes. It should be noted that the reaction liquid while dropping was kept at 10 ""C or lower. 

After the dropping was finished, stining was further carried out for two hours at 0 **C after which the diethyl ether 
20 layer and water layer were isolated by decantation. The water layer was extracted three times. The previously isolated 
diethyl ether layer and the extraction liquid were mixed and the mixture was cleaned two times with a saturated solution 
of salt. Then, the resultant solution was dried on anhydrous magnesium sulfate for 12 hours. The resultant product was 
subjected to solvent extraction under reduced pressure, thus yieMing 14.3 g of a cotorless oily material (74% of yiekQ. 

Subsequently, 5 g of the oily material was dissolved in 5 ml of MIBK in a 300-ml three neck reactor, 0.5 ml of tri- 
25 ethylamine was added to the solution and the resultant solution was reacted at 40 °C for eight houre while l>eing stirred 
with a magnetic stirrer. The reaction product was dropped in 300 ml of methanol, producing a white precipitate. The 
while precipitate was filtered and was dissolved in 10 g of toluene. The resultant solution was dropped in 300 ml of 
methanol to cause precipitation again. The yielded white precipitate was filtered and was subjected to vacuum drying 
at the room temperature for 24 hours. yieMing 4.1 g of polyvinylsilsesquioxane, a while solkJ, (60% of yieU). 

30 

^H-NMR (CDCfs. internal standard substance: tetramethylsilane): 5 (ppm) 5.8 to 6.0 (m, -CHsCHg) 
IR (KBr tablet, cm"^): 1040 (v3|.o.si). 1600 (v.ch^H2) 
Weight-average molecular weight: 53900 

35 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


30.42 

30.36 


3.70 

3.82 


35.82 
35.49 



Comparative Example 3 

Synthesis was executed in the same way as done for Comparative Example 1 except that 20.1 g (0.124 mol) of 
allytrk;hlorosilane was used instead of 20 g of vinyl trichlorosilane. As a resutt, 10.8 g of polyvinylsilsesquiaxane was 
obtained (86% of yieki). 

^H-NMR (CDCI3. internal standard substance: tetramethylsilane): 6 (ppm) 1 .8 to 2.0 (m, 2H, Si-CH). 4.7 to 5.0 (m, 
H. -CH=), 

5.5 to 6.0 (m. 3H. =CH2). 
IR (KBr tablet, cm"^): 1 130 (v^^. 1640 (v-ch-ch2) 
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Weight-average molecular weight: 5220 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


38.98 
38.68 


5.88 
5.41 


30.37 
30.15 
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Comparative Example 4 

Synthesis was executed in the same way as done for Comparative Example 1 except that 26.9 g (0.124 mol) of 
IS hexa-5-enyltrichlorosilane was used instead of 20 g of vinyl trichlorosilana As a result 7.33 g of polyheoca-S-enyltrichlo- 
rosilane was obtained (74% of yield). 

^ H-NMR (CDCI3, internal standard substance: tetramethylsilane): S (ppm) 0.45 to 0.85 (w, 3H, Si-CH2-). 1 .5 to 2.05 
(m. 4H, -CH2-). 4.7 to 5.0 (m, H. -CH=), 5.5 to 6.0 (m. 3H, ^CHg). 
20 IR (KBr tablet, cm-^): 1050 (vsj^gi). 1640 (v.ch^h2) 
Weight-average molecular weight: 6620 



Analyzed elements 


G 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


53.5 
53.29 


8.45 
8.20 


20.82 
20.77 



30 

Comparative Example 5 

Synthesis was executed in the same way as done for Comparative Example 1 except that 30.2 g (0.124 moQ of 2- 
35 (4-cyclohexyl ethyl)trichlorosilane was used instead of 20 g of vinyl trichlorosilane. As a result. 7.33 g of poly2-(4- 
cyclohexyl ethyl)silsesquioxane was obtained (74% of yield). 

^H-NMR (CDCI3, internal standard substance: tetramethylsilane): 5 (ppm) 0.45 to 0.85 (w. 3H, Si-CHg-), 1 .5 to 2.5 
(m. 9H, -CH2-). 4.7 to 5.0 (m. H. -CH=). 5.5 to 6.0 (m. 3H. =CH2). 
40 IR (KBr tablet cm^): 1050 (v8i.<«i), 1640 (v-ch=ch2) 
Weight-average molecular weigfit 6620 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


59.11 
59.58 


8.34 
8.12 


17.44 
17.41 



50 

Example 1 

The following will describe a synthetic example of an Si containing high molecular compound expressed by the gen- 
55 era! formula (1) where R^ is an ethylene group. R^ is a methyl group, a is 3, b is 0 and n is 30. 

7.9 g of polyvinylsilsesquioxane acxjuired in Comparative Example 1 . 1 4.6 g (0. 12 mol) of trimethoxysilane and the 
WUWnson complex were dissolved in 50 ml of a toluene solution in a 300 ml flask, and the resultant solution was heated 
to 60 ''C for two hours while being stirred with a magnetiG stirrer. The resultant solution was further heated to 90 to 95 
""C and was stirred for ten hours. 
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The resultant solution was cooled down to the room temperature and was then dropped in 1 1 of methanol, yielding 
a white precipitata This predpitate was filtered and dissolved inIO ml of toluene. The resultant solution was dropped 
in 500 ml of methanol for reprecipitation. The yielded precipitate was filtered and was subjected to vacuum drying at 40 
Ibr ten hours, yielding 9.66 g of the target product (78% of yield). The structure of the target product was checked in 
the same was as done for Conriparative Example 1. 

^H-NMR (CDCI3. internal standard sut)6tance: tetramethylsilane): 5 (ppm) 0.2 to 0.35 ft 4H. Si-CH2-). 3.57 (s, 9H, 
O-CH3) 

IR (KBrtaWet. cm"^): 1080 (vsi^o^J, 
Weight-average molecular weight: 1 2000 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


29.21 
29.83 


6.32 
6.52 


27.34 
27.9 



Example 2 

The following will describe a synthetic example of an Si containing high molecular compound expressed by the gen- 
eral formula (1) where is an ethylene group. R^ is a methyl group; a is 3. b is 6 and n is 340. 

Synthesis was executed using polyvinyfsilsesquioxane produced in Conparative Example 2 in the same way as 
done for Example 1. As a result. 10.4 g of the target product (84% of yield) was acquired. The structure of the target 
product was checked in the same was as done for Comparative ExanrY>le 1. 

^ H-NMR (CDCI3. internal standard substance: tetramethylsilane): 8 (ppm) 0.2 to 0.35 (t 4H, Si-CHa-), 3.57 (s. 9H, 
O-CH3) 

IR (KBr tablet, cm"^): 1080 (va-o^j). 
Weight-average molecular weight: 132000 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


29.52 
29.83 


6.13 
6.52 


27.18 
27.9 



ExarTp!e3 

The following will describe a synthetic example of an Si containing high nwlecular compound expressed by the gen- 
eral formula (1) where is an ethylene groups is a methyl group, a is 2. b is 1 and n is 30. 

Synthesis was executed using 12.7 g (0.12 mol) of dimethoxysilane instead of 14.6 g (0.12 mol) of trimethoxysilane 
In the same way as done for Example I.Asa result 16.1 g of the target product (80% of yieW) was acquired. Thestruc- 
ture of the target product was checked in the same was as done for Corvparative Example 1 . 

^ H-NMR (CDCI3. internal standard substance: tetramethylsilane): 6 (ppm) 0.07 to 0.15 (s, 3H. Si-CHa). 0.2 to 0.35 
(t. 4H. Si-CHz-). 3.57 (s. 6H. O-CH3) 
IR (KBr tablet, cm"^): 1080 {v^^d. 
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Weight-average molecular weight: 1 1000 
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Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


32.21 
32.4 


6.47 
7.07 


30-01 
30.31 



Example 4 

The following will descrit)e a synthetic example of an Si containing high molecular compound pressed by the gen- 
ts eral formula (1) where is an ethylene group. is a methyl group, a is 1. b is 2 and n is 30. 

Synthesis was executed using 12.7 g (0.12 mol) of dimethylethoxysilane instead of 14.6 g of trimethoxysilane in the 
same way as done for Example 1 . As a result 15.7 g off the target product (85% of yield) was acquired. The structure 
of the target product was checked in the same was as done for Comparative Example 1 . 

20 ^H-NMR (CDCI3. internal standard substance: tetramethylsilane): 6 (ppm) 0.07 to 0.15 (s. 6H, Si-CHa), 0.2 to 0.35 
(t. 4H, Si-CHg-), 1.05 to 1.3 (m. 4H. O-CH3-). 3.52 to 3.9 (m. 6H. O-CH3) 
IR (KBr tablet, cm*^): 1070 (vsj.o.Qi), 
Weight-average molecular weight: 10600 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


34.39 
35.05 


8.43 
8.82 


32.22 
32.78 



Example 5 

35 

The following will describe a synthetic example off an Si containing high molecular compound expressed by the gen- 
eral formula (1) where R^ is an ethylene group, R^ is an n-pentyl group, a is 3, b is 0 and n is 30. 

Synthesis was executed using 34.9 g (0.12 mol) of dimethylethoxysilane instead of 14.6 g of tripenthoxysilane in 
the same way as done for Example 1 . The structure of the target product was checked in the same was as done for 
40 Comparative Example 1 . 

^H-NMR (CDCfs, intemal standard substance: tetramethylsilane): 5 (ppm) 0.2 to 0.35 (t. 4H, Si-Ch^-). 0.8 to 1.25 
(m, 9H, -CH3) 

0.8 to 1 .25 (m. 1 8H, -CHg ). 3.6 to 3.9 (m. 6H, OCHg) 
45 IR (KBr tablet, cm"^): 1070 {y^^. 

Weight-average molecular weight: 22800 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretrcal value (weight %) 


57.23 
57.97 


9.17 
9.47 


14.38 
14.27 



55 
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Example 6 

ThG following will describe a synthetic example of an Si containing high molecular compound expressed by the gen- 
eral formula (1) where is an ethylene group. is a methyl group. R^ is an n-pexyl group, a is 2, b Is 1 and n is 30. 

Synthesis was executed using 34.9 g (0.12 mol) of n-hexyldimethoxysilane instead of 14.6 g of trimethoxysilane in 
the same way as done for Example 1 . As a result. 25.4 g of the target product (75% off yield) was acquired. The slruclufe 
of the target product was checked in the same was as done for Con^rative Example 1 . 

^H-NMR (CDCI3. internal standard substance: tetramethylsilane): 6 (ppm) 0.2 to 0.35 (t, 4H. Si-CHg-), 0.8 to 1.25 
(m. 3H. -CH3) 

0.8 to 1.25 (m. 10H. Si-CHa. -CH2-). 3.57 (m. 6H. OCH3) 
IR (KBr tablet, cm-^): 1060 [v^i^^. 
Weight-average molecular weight: 15000 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


47.48 
47.02 


8.56 
9.07 


21.37 
21.99 



Example 7 

The following will describe a synthetic example of an Si containing high molecular compound expressed by the gen- 
eral formula (1) where R^ is a propylene group, R^ is a methyl group, a is 3. b is 0 and n is 28. 

Synthesis was executed using 9.3 g of polyallylsilsesquioxane instead of 7.9 g of polyvinylsilsesquiaxane In the 
same way as done for Example 1 . As a result, 1 7.4 g of the target product (81% off yield) was acquired. The structure 
off the target product was ched^d in the same was as done for Comparative Example 1 . 

^ H-NMR (CDCI3. internal standard substance: tetramethylsilane): 5 (ppm) 0.2 to 0.35 (t. 4H, Si-CHg-). 1 .2 to 1 .75 
(m, 2H. -CH2-). 3.57 (s. 9H. O-CH3) 
IR (KBr tablet, cm'^): 1050 (vsj^si). 
Weight-average molecular weight: 12600 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


33.12 
33.46 


6.88 
7.02 


25.77 
26.08 



Examples 

The following will descrit)e a synthetic example of an Si containing high molecular compound expressed by the gen- 
eral formula (1) where R^ is a hexylene groip. R^ is a methyl group, a is 3, b is 0 and n is 24. 

Synthesis was executed using 13.5 g of polyhetxa-5-enylsilsesquioxane instead of 7.9 g of polyvinylsilsesquioxane 
in the same way as done for Example 1 . As a result 22.1 g of the target product (86% of yield) was acquired. The struc- 
ture of tiie target product was checked in the same was as done for Comparative Example 1 . 

IR (KBr tablet, cm'^): 1060 (Vsi-o^si). 
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Weight-average molecular weight: 12200 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 
Theoretical value (weight %) 


41.73 
41.99 


7.83 
8.22 


21.64 
21.82 



Example 9 

The following will descrik)e a synthetic example of an Si containing high molecular compound expressed by the gen- 
eral formula (1) where is a 2-(4-cyclohexylene ethylene) group. is a methyl group, a is 3, b is 0 and n is 27. 

Synthesis was executed using 16.1 g of poly2-(4-cyclhexylenyOsilsesqufoxane instead of 7.9 g of polyvinyl- 
silsesquioxane in the same way as done for Example 1. As a result 22.3 g of the target product (79% of yield) was 
acquired. The structure of the target product was checked in the same was as done for Conparative Exanple 1 . 

IR (KBr tablet, cm"^): 1080 {v^i.^.^' 
Weight-average molecular weight: 15100 



Analyzed elements 


C 


H 


Si 


Measured value (weight %) 

Theoretical value (weight %) 


46.12 

46.41 


7.89 
8.18 


19.34 
19.82 



Example 10 

A resist having the following composition was adjusted The following experiment was conducted under a yellow 
lamp. 



(a) Si containing high molecular compound obtained in Example 1 

(b) cyclohexylmethyl(2-oxocyclohexyl)sulfonium trifluoromethane sulfonate (photoadd generator) 

(c) propylene glycol monoethyl ether acetate (solvent) 



0.95 g 
0.05 g 
4g 



The mixture of (a), (b) and (c) was filtered using a 0.2-^im tef fon filter to adjust the resist. This resist was coated on 
a 3-in quartz substrate, and the resultant structure was baked on a hot plate at 80 for 60 seconds to form a thin film 
having a thickness of 1 jim. The results of the measurement of the resultant structure using ultraviolet-visiWe spectrom- 
eter (UV-365 ultraviolet-visible spectrometer manufactured by SHIMADZU CORPORATION) showed the acquired thin 
film with respect to ArF light (193.4 nm) had a high transmittance of 81%. It is apparent that the thin4ilm resist has a 
sufficient transparency. 

Example 11 

A resist having the following composition was adjusted The following experiment was conducted under a yellow 
lamp. 
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(a) Si containing high molecular compound obtained in Example 1 0.95 g 

(b) cyclohexylmethy1(2-axocyclohexyl)sulfonium trif luoromethane sulfonate (photoadd generator) 0.05 g 

(c) propylene glycol nrK)noethyl ether acetate (solvent) 9 g 



TTie mixture of (a), (b) and (c) was filtered using a 0.2-\im tef ton filter to adjust the resist. TOs resist was coated on 
a 3-in silicon substrate, and the resultant structure was baked on a hot plate at 80 °C for 60 seconds to form a thin film 
having a thickness of 0^ pm. The f ilnvfbmied wafer was placed in ctose-contact type exposure experiment machine 
which had been sufficiently purged with nitrogen. A mask having a pattern drawn on quartz by chromiun was put in 
close contact on the resist, and light from an ArF excimer laser (EX-746 manufactured by Lumonics Inc.) was irradiated 
on the resist through the mask. Immediately thereafter, the resultant structure was baked on a hot plate at 90 ""C for 60 
seconds, and was developed with methylisobutyl ketone for 60 seconds by immersion process after which the resultant 
structure was rinsed with methanol for 60 seconds. Consequently, only the unexposed portion of the resist film was dis- 
solved into the developer, yiekiing a negative pattern. In this experiment the line and space resolution of 0.25 pm was 
possible with the exposure energy of approximately 35 mJ/cm^. The resultant pattern was observed with a scanning 
electron microscope (SEM: SE-41 manufactured by HitacW Lid.), and the resuHs of the observatton showed no remain- 
ing development, no pattern separation or ttie like. 

Example 12 

A resist having the following composition was adjusted The following experiment was conducted under a yellow 
lamp. 



(a) Si containing high molecular compound obtained in Example 3 0.95 g 

(b) triphenyl sulfbnium trif luoromethane sulfonate (photoackl generator) 0.05 g 

(c) propylene glycol monoethyl ether acetate (solvent) 9 g 



The mixture of (a), (b) and (c) was filtered using a 0.2-nm tef k>n filter to adjust the resist This resist was coated on 
a 3-in silicon substrate, and the resultant structure was baked on a hot plate at 80 °C for 60 seconds to form a thin film 
having a thickness of 0.2 ^rni: The thin film was exposed using a KrF excimer laser (MEX excimer laser manufactured 
by NEC Corporation) as an exposure light source and a KrF excimer laser stepper (NA=0.42). Immediately ttiereafter, 
the resultant structure was baked on a fiot plate at 90 «C for 60 seconds, and was developed with methylisobutyl ketone 
for 60 seconds by immersion process after whfch the resultant staicture was rinsed with methanol for 60 seconds. Con- 
sequently, only the unexposed portion of the resist film was dissolved into the devetoper, yielding a negative pattern. In 
this experiment, the line and space resolution of 0.25 jim was possible with the exposure energy of approximately 40 
mJ/cm^. The resultant pattern was ctserved with a scanning electron microscope, and the results of the observatkxi 
showed no remaining development, no pattern separation or ttie like. 

As described above, because an Si containing high molecular compound according to this invention has Si atoms 
in the moleojles, the oxygen resistant plasma property is excellent, and a photosensitive resin conposition containing 
the SI containing high molecular compound of this invention and a photoackl generator is effective as a top layer of a 
multi-layered resist. 

Further, since the photosensitive resin composition containing ttie Si containing high nx)lecular conpound of this 
invention and a photoacid generator shows a high sensitivity and resolution with respect to deep UV light whose wave- 
length is equal to or greater than 220 nm as well as deep UV light whose wavelength is equal to or smaller than 220 
nm, ttiis photosensitive resin coinposition is suitable as the base polymer of a photoresist 
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Claims 

1 . An Si containing high molecular compound expressed by a general formula given below 




where represents a Cg-Cg divalent saturated hydrocarbon group, represents a -Cs hydrocarbon group, R^ 
represents a Ci-Ca hydrocartwn group. Z represents a hydrocarbon atom or trimethylsilyl group, a is 1 to 3, b Is 0 
to 2 with a sum of a and b being 3, and n is a positive integer selected from 10 to 500. 

A photosensitive resin composition containing at least an Si containing high molecular conpound and a photoacid 
generator, said Si containing high molecular compound being expressed by a general formula given bebw 



zo 



zo 




where R^ represents a C2-C8 divalent saturated hydrocartx>n group, R^ represents a Ci-Cs hydrocartx)n group. R^ 
represents a C^Cq hydrocarbon group. Z represents a hydrocarbon atom or trimethylsilyl group, a is 1 to 3. b is 0 
to 2 wrth a sum of a and b being 3. and n is a positive integer selected from 10 to 500. 

said photoacid generator serving to generate an add by light irradiation and anplify a chemical change of a 
resist in a form of a catalytic reaction in a heat treatnnent after exposure. 

3. The photosensitive resin composition according to daim 2. characterized in that a ratio of said Si containing high 
molecular compound contained in said photosensitive resin composition is 75 to 99.8 parts by weight. 

4. The photosensrtive resin composition according to claim 2. characterized in that a ratio off said photoacid generator 
contained in said photosensitive resin composition is 0.2 to 25 parts by weight. 
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5. The photosensitive resin composition according to claim 2, characterized in that a solvent solves a sul3Stance con- 
sisting of said Si containing high molecular compound and said photosensitive resin composition. 

6. The photosensitive resin composition according to claim 2, characterized in that in said formula is a C2-C8 diva- 
lent saturated hydrocartx>n group such as an ethylene group, propylene group, txrtylene group, pentytene group, 
hexylene group, heptylene group, octylene group, cydopentylene group, cydohexylene group, cycloheptylene 
group, cydooctylene group, cydopentyl ethylene group, or cydohexyl ethylene groip. 

7. The photosensitive resin composition according to daim 2, characterized in that in said formula is a C^-Cq 
hydrocartwn group such as a methyl group, ethyl group, propyl group, butyl group, pentyl group, hexyl group, heptyl 
group, phenyl group, or methyl phenyl group. 

8. The photosensitive resin composition according to daim 2. charaderized in that R^ in said formula is a Ci-Cs 
hydrocartXHi group such as a methyl group, ethyl group, propyl group, butyl group, pentyl group, hexyl group, heptyl 
groups phenyl group, or methyl pheriyl group. 

9. The photosensitive resin compositbn according to daim 2, characterized in that a sulfonium salt compound, such 
as triphenyl sulfonium trifluoromethane sulfonate, triphenyl sulfonium trif luoromethane antimonate. tr'qshenyl sulfo- 
nium benzosulfonate, cydohexyl methyl (2-oxocydohexyl) sulfonium trifluoromethane sulfonate, dicyclohexyl (2- 
oxocyctohexyO sulfonium trifluoromethane sulfonate, cficyclohexylsulfonyl cyclohexanone, or dimethyl (2-Qxocy- 
dohexyl) sulfonium trifluoromethane sulfonate, iodonium salt, such as diphenyl iodonium trifluorometfiane sul- 
fonate. N-hydroxy succinimide trifluoromethane suHbnate, and the like are used singly or in comtxnation of two or 
more kinds thereof as said photoacid generator. 

10- The photosensitive resin composition according to daim 2. characterized in that methyl cellosdve acetate, ethyl 
cellosolve acetate, propylene glycol monoethyl ether acetate, methyl lactate, ethyl lactate, 2-methQxyethyl acetate, 
2-ethQxyelhyl acetate, methyl pyruvate, ethyl pyruvate, 3-methoxymelhyl propfonate, N-methylpyrrolicfinone, 
cydohexanone, cyclopentanone. melhylethyl ketone, 1,4-diQxane, ethylene glycol monoethyl ether acetate, ethyl- 
ene glycol monomethyl ether, ethylene glycol monoisopropyl ether, diethylene glycol monoethyl ether, diethylene 
glycol monoethyl ether, and the like are used singly or in combination of two or more kinds thereof as a solvent. 
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